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January _ _ _ _ _ _ _ _ _ _ _  
February _ _ _ _ _ _ _ _ _ _  
March _ _ _ _ _ _ _ _ _ _ _ _ _  
April _ _ _ _ _ _ _ _ _ _ _ _ _ _  
May _ _ _ _ _ _ _ _ _ _ _ _ _ _  
June _ _ _ _ _ _ _ _ _ _ _ _ _ _  
July .______________ 
August ________.___ 
September _ _ _ _ _ _ _ _ _  
October _ _ _ _ _ _ _ _ _ _ _  
November ___._____ 
December -... _ _ _ _ _  

Pear _ _ _ _ _ _ _ _ _  

while in the second part is iven some data not ordinarily 
available in regard to win I f  velocities. 

There seems to have been but little detailed wind 
direction data published. In the Weather Bureau 
Bulletin Q, Climatology of the United States, by Prof. 
Alfred J. Hen , pa es 68-70, we given tables for 20 
stations in the%nite% States, showing the monthly and 

ercentages of winds from each of the eight 

1894-1903. Tennessee and adjacent States are not repre- 
sented directly, Cincinnati, St. Louis, New Orleans, and 
Savannah being the nearest surrounding stations for 
which data are published. It seemed, therefore, of in- 
terest to compile records (Table 1) for Nashville, where 
the exposure of wind instruments has been good during 
the greater portion of the records and especially for the 
years selected, viz., 1895-1904 and 1918-1934. The 
two periods were combined and averajes in the table 
are for 16 to 17 years, a period long enough to give fairly 
stable means. The figure showing the annual relative 
revalence of the different winds is based upon records 

for the same combined periods. 
TABLE 1.-Wind, average percentage of time f rom each direction, 

Nosh ville, Ten ii .I  

principa P points of the compass for the 10-year period 
0-5 6-10 11-15 18-28 1 21-25 1 
40.8 34.0 18.0 0 
33.8 39.2 188 0 
29.8 36.5 21.1 0 
33.3 S. 1 19.6 0 
48.4 3&1 1 2 4  0 
53.8 35.5 8.6 0 
57.3 34.9 7.6 0 
64.0 3a6 4.9 0 
57.8 31.5 9.4 0 
57.5 28.3 9.8 0 
4 8 4  3R7 15.4 0 
40.5 36.7 18.5 0 

1 31-40 1 41-50 -------- 

--- - 
47.1 34.4 13 .3 ,  8.81 a e ) o . w ) a o s I  o 

N. 

2 0  a 7  
1.5 a2 
2.8 as 
1.9 a 5  

a2 o 
a2 o 

a 7  a i  
1.1 a 7  

a1 0 

0 0 0  

0 0 0  
0.5 0 

JUIY _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I  a 1 
August _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  a6 

Pear _ _ _ _ _ _ _ _ _ _ _  I 9.3 

a i  
0.2 a i  a i  

o 
o 

0.1 
a i  

0 

0 

8.2 
6.7 
9.0 
8.5 
1 7  
1.4 
0.5 
a 1  
1.0 
4 7  
4.5 
4.6 , 

- 

S. 

- 
18.2 
14.8 
20.5 
19.9 
14.8 
11.0 
12.4 
1 2  2 
12.7 
11.4 
16.4 
17.6 

15.2 
- 
- 

sw 

1 2 3  
11.8 
9.9 

10.7 

le. 8 

14.9 
16.8 
19.2 

10.9 
10. 0 
9.6 

13.9 

13.1 

w. 

-- 
12.2 
10.6 
a 8  

10.5 

15.5 

11. 0 
15.8 
16.2 

9.6 
10. 2 
1 2 2  
1 2 7  

12 1 
-- 

a 6  
25. 2 
18. 4 
17. 6 
15.6 
16. 4 
15.8 
15.8 
17.9 
17.8 
18.6 
17. 5 

- 1  NE. E. 

--- 
9.1 a5 

1113 7.5 

10.1 8.5 

9.6 6.8 
10.6 7.5 

11.4 9.2 
11.4 8.7 

11. 1 7. 1 
13.1 9.8 
13.7 7.2 
11.2 6. 5 
9.3 7. 1 

10.9 7.5 
--- - 

18. 1 
- 

SE. 

ias 

120 

i a 5  

9.6 
13.2 

11.6 
10.4 

11. 2 
11.9 
14. 1 
14.2 
12.3 

11.8 

a6 
0.8 
1.6 
2.5 
2 5  
1.0 
2.2 

1 Com iled from records of self-registering Instruments, period of 18-17 years (189.5- 
1904, inch%?. and January. 1918. to April, 19%, inclusive). 

WIND VELOCITIES 

Some years a o investigation was made to determine 

shown in relative frequency of various velocitiss, or per- 
centages of time the wind blows a t  stated velocities. 
The mformation was not ublished at  the time. The 
results are now shown in d b l e  2. 

It is necessary, of course, to consider the elevation of 
the instrument above ground and the other conditions 
of exposure in the use of all anemometer records. The 
exposure of the anemometer at  Nashville has varied from 
a rather low elevation above ground during the early 
years to high during the last 15 ears, During the period 

the anemometer ayposure was unchanged and the 
instrument was 134 feet above ground, with no high 
buildings near. This was a very ood exposure a t  
what might be called a medium heig I t above ground. 
Following this teriod, the instruments were exposed on 
the roof of the Custom House annex for about five years, 
under unsatisfactory conditions, and in March, 1909, 
they were removed to the present location, where the 
anemometer is'191 feet above ground and where the 
wind movement registered is decidedly greater than at 
any previous location. No doubt the anemometer 
exposure of 1895-1904, height above ground being 134 

the character o 9 the wind movement at  Nashville as 

1895-1904, which was used in t i e compilation of Table 2, 

NW. 
S. 
9. 
NW. 
SW.  
SW. sw. - 

feet, gives data more nearly representative of the wind 
movement as it affects buildings, trees, etc., than the 
present high exposure. 

TABLE 2.- Wind ,  percentage of time at stated velocities, Nashville, 
Tenn.1 

stations 

January _ _ _ _ _ _ _ _ _ _ _ _  

Velocities, miles per hour: I 

May June July bug. - - - - - - --,- 
N. NE.  E. SE. 1 8. 8W. W. NW. Mean 
--------- 

9.4 a5 6.2 7.9 ~ a s  iai 9.8 1 2 2  9.4 
10.4 8.8 8.2 9.1 10.5 
10.5 a2 8.9 11.5 14.3 
l a 3  as 7.3 11.1 1 2 7  
8.1 7.7 6.2 8.0 9.4 

June _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  7.8 7.7 8.0 8.4 7.4 
July __._____________ 7.0 8.7 5.8 6.1 8.7 
August _.___________ 8.8 6.5 5.6 8.2 6.6 
BeDtember _ _ _ _ _ _ _ _ _  6.7 7.5 5.6 8.5 6.8 

8.7 8.0 9.6 a6 
7.5 5.8 l a 4  11.1 
7.6 5.8 l a 4  iz.8 

11.1 9.4 1 2 4  9.7 
13.8 1x2 ia.8 11.4 
11.5 l a 6  1 2 2  10.6 
9.1 7.1 8.0 a1 
7.8 8.9 7.6 7.2 
7.0 6.4 8.6 8.5 
7.3 8.0 8.8 8.5 
7.6 5 5  6.8 6.6 
7.8 8.4 iao 7.9 
7.4 a1 11.1 a8 

10.8 11.0 13.8 10.0 

1 From recnrds of IO year? 18951901 inclusive. Elevation of anemometer above 
ground, 134 feet; above sea le&J, 594 leer' 

In connection with both wind direction and wind 
movement, Table 3 is presented to show the average 
velocity of the wind from the eightjrincipal points. 
This information was easily com il from the data 

1, 1918. $he record is for a period of only 6 to 7 years; 
however, it  gives averages that may be fairly substantial. 
These are the first data showing relative strength of the 
winds from different directions that this station has 
prepared, and I can not recall any previously published 
data of just this c.haracter for other places. 

TABLE 3.-Wind, average velocity fo r  each direction, miles per hour, 
Nashville, Tenn.1 

found on age 13, Form 1001, whic 1 was begun January 

FebruGy _ _ _ _ _ _  _ _ _ _ _  
March. - _ _ _ _ _  _ _  _ _ _  
April _._____________ 
May- _ _ _ _ _ _ _ _ _ _ _ _ _ _  

~~ 

Oitober _ _ _ _ _ _ _ _ _ _ _ _  7.9 
November _ _ _ _ _ _ _ _ _  B. 0 
December .________ 2 1 

Year. _ _ _  - _ _  _ _  I R 5  I 7.7 I 6.1 I 8.6 I 9.8 I 9.31 8.3 I 10.2 1 a 6  

1 Compiled from records for the period January 1, 1918, to April 30, 197.4 ( 5 7  years). 
Height of anemometer above ground, 191 feet; above e a  level, 675 feet. 

PHYSIOLOGICAL HEAT REGULATION AND T H E  PROB- 
LEM OF HUMIDITY 

By Prof. E. P. LYON, M. D.,Dean of the Medical School, Univer- 
sity of Minnesota 

6zP. 0 

xeerpts from paper r e d  at the January, 1821 meetlng of tbe American Society of 
IEneating and Veutilating Engineers at Pbiladh hia, and published in part in The 

Heating and Ventilating Magazine, New liork, %eb. 1921, pp. 43-61 

This paper discusses the heat regulation of the human 
body as an engineering problem and brings out the 
im ortance of humidity as external aids to this process. 

!he human body is a thermostat, the temperature of 
the body-that is, the internal parts-is constant. By 
constant is meant exactly what engineers mean when 
they say the temperature of a room with thermostatic 
control is constant. It really varih somewhat, and the 
small variations are made the basis of regulation. 
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The body is a machine for transformin energy. One 
aspect of this transformation is the feveloping and 
regulating of heat. The constant temperature of the 
body is an expression of the fact that the body loses 
heat as fast as it produces it, or produces heat as fast as 
it loses it. * * * One gram of starch or fat will give in the 
body exactly as many calories as if burned in a bomb 
calorimeter, and the waste products are the same. 

The more important element of body ten1 erature 
regulation is, however, on the heat-loss side. T i e  body 
loses heat in several wap .  Usually it is warmer than 
the substances (air, es ecially) in contact with it. There- 

conducted as %eat into neighboring matter. The rate 
of such transmission varies with the difference in tem er- 

and air. 

can renew the layer of air frequently and thus increase 

fore accordin to t R e laws of physics, heat will be 

ature of the substances in contact; say, body su Is ace 

the outside in a variety of ways. By use of a P an from we 

contact wit % the skin. Moist air has a greater heat 

This difference in temperature may var 

and heat loss. By clothing we 
in contact, raise its temperature, 
heat loss by conduction. 

The rate of heat loss by conduction also depends on 
the heat ca acity and conductivity of the material in 

capacity than dry air of the same temperature. Hence 
at temperatures around the freezing point and somewhat 
above moist air “feels” colder than dry air of the same 
temperature. The moist air takes away heat from the 
skin faster; therefore, the skin is cooler. Conditions are 
very different at higher temperatures, where atmos- 
pheric humidity, by hindering evaporation, is a heat 
preserving factor for the body. Thus arises the anomaly 
that humidity may kee us warm or cool, depending 
upon the temperature o P the air in which the moisture 
is held. * * * 

The third way in which the body loses heat is by 
evaporating water. This occurs at both the skin surface 
and the lung surface. The rate of evaporation and 
consequently of heat loss varies with numerous factors. 
I t  increases with temperature of the air on the skin, and 
therefore acts, in general, opposite to conduction and 
radiation, which IS a fortunate fact. Evaporation 
increases with increased renewal of air, consequently a 
fan or wind cools the body; as likewise does rapid 
breathing, except in so far as it increases the rate of 
oxidation. Eva oration rises with increase of the surface 
of liquid e y c f  We expose more liquid surface when 
we sweat t an when the skin is, as we say, 
Of c o m e  it is never absolutely dry, and insensi le 
perspiration is constantly being evaporated. 

By the three methods mentioned, namely, conduction, 
radiation, and evaporation of water, the bod loses prac- 
tically all the heat that it produces. All o f  these vary 
in rat.e with external and internal conditions. A11 of 
them become ineffective under conditions of combined 
hi h temperature and high humidity. 

Famous esternal factors have been referred to, that 
affect the rate of heat loss by the three methods of con- 
duction, radiation, and evaporation. The body from its 
side is not passive. It has two ways of accomodating or 
adjusting itself to the three methods of heat loss and 
thus keeping a constant tem erature. The first is by 
distribution of the blood. &en the outside tempera- 
ture is hot, much blood is sent from the internal parts 
to the skin. “he skin temperature is raised by this 
warm blood and the rate of heat loss by conduction and 
radiation i a  increased. When the outside temperature 

“dT’’ 

is low, little blood is sent to the slcin and less heat is 
lost by conduction and radiation. 

The second method of internal adjustment is the sweat 
sec.ret.ion. This liquid, which is rrrct-icdy nothing but 

sweat lands, located in the skin. When the tenipera- 

surface to the nir increases; evaporat.ion increases; the 
heat loss increases; nnd the temperature of the body 
fdls. * * * 

Man adjusts himself to every degree of atmos heric 

zero air to the snturated air of tropical forests. Humid- 
ity is of little im ortance except when considered in 
c.onnec,tion with ot R er conditions, part.icularly tempera- 
ture and air movement. 

I advocate strongly the artificiid huniidification of 
dwelling houses in winter in our northern States. The 
standard should be as high as can be secured without 
precipitation on inside walls. I do not t.hink we can 
go above 50 per cent in our houses, 8s ordinarily built, 
even with double windows. 

On account. of lenkage t,he amount of water to be 
eva orated is large; say 15 or SO gallons a day for a 

be used on radiators, are all absolut,ely inefficient. Tests 
show that fcw of them evapornte as much water RS one 
person gives off from his lungs. Most of the devices 
uaed in c.onnection with hot-air furnaces are of little real 

The problem can be solved, hut it requires special 
attention to certain factors of evaporation, namely, 
surface of contact of water and air and movement of 
air. These are more important under house conditions 
than temperature. * * * 

As a matter of o inion I may say t,hat some type of 

e. g., n combination of electric fan and convenient water 
surfaces, would he the ideal. Why should not people be 
willing to pay for humidity and air movement, two im- 
portant ‘hygienic factorsat 

The most usual condition under which the body-heat 
control breaks down is high humidit and high temper- 

rooms and auditoriums, because every person gives off 
both heat and water vapor. Such rooms need, primarily, 
new and moderately heated air. Movement of air also 
helps. Movement under extreme conditions, for ex- 
ample, saturated air of bod temperature, would not 
help heat loss a t  all, but un B er usual conditona and for 
reasons already given it does he1 . 
be worked for. If we become accustomed to air in mo- 
tion, we are lass affected by outside conditions, where 
such movement is the rule. We ought to be accustomed 
to drafts and not affected by them. I shdl  not be 
surprised if we come to use electric fans in winter, even 
more than in summer. 

The greatest problem from the standpoint of humidity 
is the home or office, where a few live and work, in winter 
in our northern States. We t.ake int.0 our house subzero 
air which haa almost no water content and heat it to 
70° F. Even with the water which such air eagerly lapa 
u from furniture, plants, cooking processes, and from 

air in our homes is likely to be rier than that of my 
desert on earth. 

water, is extracted from the bloo K by coiled tubes, called 

ture is 5 igh the amount of secretion increases; the hquid 

moisture from the practically absolute dryness o P sub- 

amn P 1 house. Therefore, the devices on the market, to 

use. 

humidifier by whic R air movement would be created, 

ature combined. This condition o 9, tains in crowded 

Movement of air in our public p i) aces and homes should 

B t 8 e skin and lungs of every occu ant, nevertheless this 

I Some of this expense would be ofl set by the saving in fuel because properly humid- 
ified alr d m  not need t0 be 8t Such hkh tbmwrStunrS lor COItIfOrt.-EDZTOE. 
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The bod thermostat can adjust the tem erature of 

such discomfort and danger as comes from overcrowded, 
unventilated movie theaters or school-rooms. But there 
are somewhat important disadvantages. 

In  the fmst place, in order to kee up the body tem er- 

Moreover evaporation is active. The skin is cooled, and 
we “feel chilly.” Hence the tendency is to have hotter 
rooms, up to 75’ to SOo, and even 55’ F. The skin gets 
cracked and rough, which is not pleasant to sap the least. 
The same tendency to ra id drying extends t.0 the 

trachea, with consequent respiratory disturbances. Nose 
and throat specialists, generally, at,tribute the frequency 
of infections in winter more to the dryness than to the 
cold. This amounts to saying that in order to protect 
its indispensable internal temperature, the body has to 
abandon more or less the outlyin provinces such as the 

the interna s organs to these conditions. TRere is not 

ature in dry air, much blood is wit g drawn from the stin. 

mucous surfaces of the nasa P passages, the phnryns and 

skin and mucous surfaces. They % ave not enough blood 
et dry; they pick up germs and becGnie in- 

flame. * * * 5K/. Si,&+ c 73) and d 
T H E  UNSEASONABLE WEATHER OF MAY, 1924 

By ALFRED J. HENRY 

It was the privilege of t,he writer t.0 contribute t.o t,his 
R.EVIEW some account, of the cold spring of 1907.’ 

The present spring resembles in several, t,liough not all 
respects, that of 1907, and since it affords an opport.unity 
to attempt to correlate the weat,her in the United States 
with that of other portions of t,lie Northern Hemisphere 
some spa.ce will he ken  to that end. 

May is a manta when normally in t.he Nortellern 
Hemisphere temperature should rise; it is well known, 
however, that the temperature in thnt month in some 
years, but not in all, suffers inberruptions of greater or 
less duration and int.ensity, thus t,he temperature instead 
of rising sinks materially and somet,imes continues at n 
low point, for a week or 10 days. When these interru - 
t.ime the result is a cold and baclsward month such as 
occurred in north-central and nort,heast,ern United 
States in May, 1832, in practically the whole countr in 
1907 and 1917, and in a less degree in the month l ere 
uncler discussion. This phenomenon has beon recog- 
nized for more talian 100 years and in t,he nieantinie a 
very considerable 1it.ernt.ure thereon has been clevelopedf 

In the last 40 odd years May was esceptionally cool 
east of t-he Rocky Mountains in 18S2, 1883, 188S, 1S90, 
1907, 1917, and 1924. 

Cool weather in May is clue to several C R U S ~ S  operating 
singly or in conjunction. The first and chief cause 
apparently has its orimin in the olar regions and is 
manifest in temperat,e fatitudes of \ot,h hemispheres by 
a.n unusual flow of cold polar air toward the equator; 
as a direct result of such flow masses of cold anit wmii 

tions are niore or less continuous over a considerab P e 

thus cont.ributes to a lowering of t,he temperat.ure, or 
shall we say prevents the normal increase in t,empernture 
due to the incoming solar energy. May, 1924, in north- 
eastern United States was escept.ionally cloudy and 
rainy. While t,he rainfall here in Washington w;?s not. 
except,ionally heavy, it. was nearly conbinuous after the 

. . -- -. . . - - .- -. - .. -_ 
1 Henry, A. I. The cold spring of 1807, MO. WMTHEB REV. 35: 23-25. 
8 Cf. this REVIEW7 4E 555-85. 

12th. From that date until the close of the month the 
greatest interval of fair weather did not exceed two days. 

THE WEATHER OF PREVIOUS COOL MAYS 

May, lS82.-1n the Unit,ed States this month was 
c1ia.rnc.terized by low temperature, the lowest in 40 yeam 
or more in northeastern districts; heavy rains in the 
Ohio Valley; much ice in the region of Newfoundland, 
also on the coast of Nora Sc,ot.itx, t,he harbor at Halifax 
being ice-bound in t,he ln.st decade of the month. Outside 
of t,he Unit.ed Stat.es the only observat,ional data available 
are those cont nined in t,he Signal Service Int,ernational 
Bulletin. That publication contains monthly means 
of pressure, t.emperature, and wind direction for one 
station each in the Faroes, Iceland, and Greenland. 
From these dat,a it. is established t,hat pressure in the 
Arct,ic was above normal wit.h polar mnds (from the 
pole); the Icelandic minimum was centered to the 
southwest of that islnnd, approxiniately in north latitude 
5 5 O ,  West longitude 30’. The Azores maximum waa 
likewise to the sout,liwest of its usual posit.ion. In  the 
British Isles bot,h pressure and teniperaturo were above 
normal, the former by 0.04 inch and the latter by 3. 
Temperature was less t1ia.n normal in t.he Azores and 
uita generally t.hroughout Iceland, Norway, Spain, 

?td~7, and Portugal and p0int.s in the Black. Sea regon 
The paths of anticyclones in the Unit.ed States show 

clearly t,he movement of masses of cold air over the 
Canadian Maritime provinces and fully ex 1a.h tlie 

!he ori in of t,liese dist,urbances was a,pparent.ly north 
of the e Trent Lakes, espocinlly in t.he region of Hudson 
Bay. 

>lory, 1907.-Thc observnt.iona1 clata for t.his month, 
although grerit,er t,linn for 1882, nre lacking almost 
ent.irely for northern Canada and Alaska.. 

The writer in discussin t,he cold spring of that year* 

distribution over the North -4merican Continent in 
consequence of which t,ho int.rusion of masses of cold air 
by wag of the upper Missouri Valley were greatly 
facilitated. 

In Northwestern Euro e aft.er the middle of the month 

ressure abnormality of plus 0.30 inch at, St. Jo K ns, N. F. 

at,tributes tlie unseasona. % le weat,her to the pressure 

there was a reater or P ess influs of cold polar air, as 
wit,ness t,he f ollowing escerpt from Weekly Weather 

f * l€j4. 
Report, London 1007, 

“High pressure in coland and 08 the west coast of 
Euro e and low pressure over central Scandanavia 
e s t a b h e d  a gradient for nort.herly winds over t.he 
Brit.ish Isles and indeed from the Arctic to the Medi- 
terranean. Low temperature for the season prevailed 
generally over Europe practically t.o the close of the 
inon th . ’ ’ 

No informat.ion relative to t.he ice about Newfound- 
land is available but the pressure at St. Jolms N. F. was 
0.14 inch below the normal, directly the opposite of that 
for May, lSS2, when, as before stated there was much 
ice at  that place. 

Illny, 1917.-An acconnt of the cold weather of this 
niontli will he found in this REVIEW for June 1917.’ 
The ewe tional character of the weather of that nionth 

the corintr~y. t,iie a1lsenc.e of ext.reniely low minima, the 
lack of suns!iine :tnd conseqnentlv t,he failure of the 
day t,cinpcrnbures t.0 r c d i  t,he usual high values. 

was t)io P o w  t.c?nipernt.ures t h t  prerailed in all parts of 

3 LOC. eit. 
4 Day P. I? The cold spring of 1917; 45: 235-80. 


